The ¦ broadening of atomic levels near thin metallic films is studied theoretically within the fixed-atom approximation. § First-order level widths are calculated by using a Jennings-type jellium potential to describe the electronic states of the film, and hydrogenic wave functions in parabolic © S tark representation for the atomic orbitals.
The size quantization in thin-metallic films allows, through $ the variation of the film thickness, the density of metal states to be varied and hence the transition rates for electron transfer out of, and into, the metal to be influenced. Details 9 of the discrete energy spectrum of the film are expected @ to give rise to specific resonance and threshold phenomena. In principle, studies involving thin films may therefore yield insight into structural properties of the films and may While ion scattering is used here as an analytic tool, a detailed theoretical understanding of the basic electronic processes occurring in ion-film 0 interactions will be important also in this case. In W the present paper, we study the broadening of hydro-X genic Y levels near thin-metallic films by evaluating first-order level widths`or, equivalently, transition rates for resonant transfer pears @ to be equally well suited for the case of thin-metallic films. However, it becomes apparent from our results below that $ in the thin-film case already the first-order widths, which are ( essentially equal to the imaginary parts of the diagonal elements of the self-energy matrix, display a variety of novel features whose thorough analysis is advisable, if not indispensable, @ before a full self-energy calculation is performed. In W the next section, we outline the theoretical framework for our calculations. Section III contains a heuristic discussion of qualitative features of the level widths, followed by the $ presentation of numerically calculated widths. Atomic occupation probabilities and transition distances are presented in Sec. IV. A comprehensive discussion of our results, including 0 a brief examination of the possibility to observe features revealed by our calculations in suitably devised experiments, @ is given in Sec. V. Finally, Sec. VI contains a summary of the paper as well as some concluding remarks. 
In our calculations, we use parameter 0 , the functions are obtained by symmetric or asymmetric continuation, depending on whether the parity ( . Correspondingly, the wave functions for the highest eigenvalues extend far beyond the jellium edge into the vacuum. 
S
and magnetic quantum number m . Using this representation,
7
we take into account, to some extent, the hybridization 0 of the atomic orbitals induced by the long-range image charge interactions in the atom-metal system. 17 For the 
assumed to refer to the $ dependence of the matrix element on the wave function 
where
is a Clebsch-Gordan coefficient. In the matrix elements
the two-dimensional integration over the coordinates in the film plane can be performed in closed form, using 
We i note that the inclusion of atomic level shifts would entail distance-dependent Fermi factors in the rate equations for % the occupation probabilities. In Sec. V, we discuss qualitatively $ the interaction of very low-velocity Rydberg atoms and ( highly charged ions with thin films. For highly charged ions, 0 electronic transitions into Rydberg levels occur at very large atom-film distances. For both highly charged ions and Rydberg atoms, the large transition distances result in small level G shifts and relevant Fermi factors that are essentially equal to unity. Therefore, for the purpose of our discussion, Eq.
Å 1 3AE appears ( to be a sufficiently good approximation.
III. ATOMIC LEVEL WIDTHS
As the thickness L is the principal parameter characterizing 
arise from the change of the slope of the film level curves with L. Disregarding this dependence, the pattern @ of the detailed structure for a given atomic level will be 0 periodically repeated, with the period
7 Fig. 2H .
B. Numerical results
Having developed a qualitative idea of how the L depen- 
i.e., in the vicinity of all discontinuities in the sawtooth 
Q
The calculations were facilitated by using an efficient expression for the relevant transitionmatrix elements in terms of analytically given atomic form factors. 
